Acute gastrointestinal (GI) and intra-abdominal bleeding from different etiologies is a medical emergency with a significant morbidity and mortality. Fast detection and localization of the bleeding site are essential for effective hemostatic therapy [1] . In children with a GI bleed, it is important to assess the hemodynamic status and to establish the site of bleeding and a differential diagnosis according to the presentation and the age of the patient [2] . In trauma, a prompt diagnosis of a bleeding site can improve the efficacy of patient management [3] . Rupture and bleeding are a known presentation of solid tumours, including hepatoblastoma and hepatocellular carcinoma [4] . The most frequent causes of GI and intra-abdominal bleeding in children are shown in Table 1 .
The initial approach to a patient with GI bleed is endoscopy, which can be diagnostic and therapeutic. If it fails, then catheter angiography is considered. With trauma or tumoural bleeding, angiography is considered according to the diagnostic imaging workup and clinical picture. Pediatric angiography has recognized complications, which nowadays are less frequent due to the improvement in the equipment and the use of ultrasound (US) for vascular access [5] . In taking this into consideration, it is important to adequately select the group of patients that will benefit from a conventional catheter angiography in this particular clinical setting.
Computed tomography angiography (CTA) has an emerging role in the diagnosis of acute GI bleed in adults. Its advantages include widespread availability, speed, reproducibility, and minimal invasiveness [6] . Different studies have shown its utility in upper-and lower-GI bleeds [1, 7, 8] . Its value has also been demonstrated in the setting of trauma [3] . CTA has been found useful in multiple conditions in children [5] , including assessment of vascular anomalies and post-transplantation complications. Catheter angiography remains the criterion standard in certain conditions, including vascular complications of trauma [5] . It also has a therapeutic role in abdominal embolization. To the best of our knowledge, the role of CTA in pediatric patients with acute bleeding has not been reviewed in the recent literature. The purpose of this article is to illustrate our experience with CTA in the diagnosis and management of 4 patients who presented at our institution with acute bleed: 1 patient with a traumatic (iatrogenic) vascular injury, 1 with a ruptured liver tumour, and 2 with GI bleeds.
Material and Methods
We retrospectively reviewed patients who had presented between July 2009 and November 2010 who had interventional radiology consultation due to a history of acute bleeding from different etiologies and that, after a multidisciplinary discussion, a CTA was performed to define the specific site of bleeding and to decide the management. The CTA was performed on a 64-slice multidetector computed tomography (CT) scanner (Discovery CT 750 HD; GE Medical System, Milwaukee, WI); 80 KVp was used, and the mA was adjusted according to the patient's weight. The prospective slice thickness used was 0.625 mm, and 0.4 second was the gantry rotation time. Intravenous contrast, iohexol (Omnipaque 300; Nycomed Amersham, Princeton, NJ) was administered at a dose of 2 mL/kg of body weight. The peripheral intravenous injection rate was adjusted according to the size of the intravenous line (injection rate, 0.5-3.5 mL/s). Oral contrast was not used for CTA because it interferes with assessment of vessels and may obscure active contrast extravasation. Scanning was automatically triggered when optimal enhancement was seen in the descending aorta when using the ''smart prep'' technique. In cases of active extravasation, delayed images were acquired in the region of interest to differentiate it from pseudoaneurysm (PSA). The area of extravasation becomes hypodense on delayed images in case of PSA. A second run of scanning in the portal venous of the whole abdomen was performed in cases with abdominal tumour. Images were reconstructed in various planes by using multiplanar reconstruction and maximum intensity projection algorithms. After the CTA study was performed and reviewed, the therapeutic options were discussed.
Cases

Case 1
A 14-year-old boy presented with a pelvic mass due to Ewing sarcoma. After starting chemotherapy, the lesion was surgically excised. On a routine CT follow-up, there was a residual soft-tissue lesion. An open surgical biopsy of this residual mass was performed. Significant bleeding was noted by the surgeon during the biopsy, which was eventually controlled by using local hemostatic materials. Three days later, he presented to the emergency department with active bleeding from the surgical site, hypotension that required fluid resuscitation, and a significant hemoglobin level drop (107 g/L to 67 g/L in 6 hours). There was an interventional radiology consultation for an embolization. The patient was stable, and a CTA was undertaken, which demonstrated a pelvic PSA ( Figure 1 ) that arose from the left superior gluteal artery ( Figure 2 ) with signs of recent bleeding.
Conventional angiogram was performed and showed the PSA filling from the superior gluteal artery ( Figure 3 ). The lesion was successfully embolized with 2 microcoils placed in the proximal superior gluteal artery and N-butyl cyanoacrylate in some small arterial branches that were also connected to the lesion. The condition of the patient improved, and an US-Doppler study, performed on the following day, did not show flow in the lesion. A follow-up CT showed successful embolization of the PSA.
Case 2
A 5-month-old girl, previously healthy, with a 1-week history of abdominal distention, presented to the emergency department of another institution in shock and was transferred to our hospital with a hemoglobin level of 71 g/L at admission, which dropped to 63 g/L in the first hour while she was being transfused. She had a significantly distended abdomen associated with pallor of lower extremities. There was an interventional radiology consultation, and a CTA was suggested to clarify the etiology of the bleed. After fluid and medical resuscitation was performed, a CTA was performed, which showed a large left hepatic mass with signs of rupture at its inferior margin ( Figure 4 ) and an area suspicious for active contrast extravasation ( Figure 5 ). The vascular supply of the lesion appeared to be arising from the left hepatic artery ( Figure 6 ). The patient was transferred anesthetized to the interventional radiology department. After obtaining right femoral arterial access, selective catheterization of the common hepatic artery was performed. An angiography showed the liver lesion, which received arterial supply from branches of the left hepatic artery (Figure 7 ). Selective catheterization of the left hepatic artery was performed ( Figure 8 ), and the lesion was embolized by using Gelfoam slurry (Pzifer Canada Inc by Pharmacia & Upjohn Company, Kalamazoo, MI). A good angiographic result was obtained after the embolization, with no opacification of the mass. The total interventional procedural time was 1 hour. Follow-up US and CT showed no evidence of arterial flow in the lesion. The lesion was surgically removed a few months after, and it was diagnosed as a hepatoblastoma. 
Case 3
This is a case of a 16-year-old boy with a history of double-lung transplantation 2 times for bronchiolitis obliterans. Six months after the second transplantation, he presented with diffuse abdominal pain and intermittent lower GI bleeds. Abdominal US and CT (Figure 9 ) demonstrated diffuse thickening of short segments of the small bowel, suggestive of post-transplantation lymphoproliferative disease (PTLD). The episodes of bleeding increased in frequency and amount. A technetium 99melabeled red blood cell study performed during one of these episodes did not demonstrate active bleeding. A few days later, a bowel perforation was diagnosed on plain radiographs. At surgery, a bowel resection was performed, and an ileostomy was created. Four weeks later, he presented with active bleeding from the ileostomy and hypotension, which required blood transfusions. There was an interventional radiology consultation, and a CTA was performed. The CTA showed a focal area of active contrast extravasation in the small bowel mucosa, adjacent to the stoma (Figure 10 ). At surgery, bleeding from abnormal bowel was found adjacent to the ileostomy. Bowel resection was performed, and the ileostomy was reestablished. The patient recovered satisfactorily.
Case 4
This is a case of a 29-day-old girl with a history of intermittent lower-GI bleed since day 20 of life. A Meckel scan did not show evidence of ectopic gastric mucosa uptake. The abdominal US was also unremarkable. She presented with an acute lower-GI bleed, hypotension, and significant hemoglobin level drop (42 g/L), which required blood transfusions at a later date. An interventional radiology consultation was obtained. A subsequently performed CTA showed a large vascular tumour in the right lower quadrant, probably involving the terminal ileum ( Figure 11 ). Given the size, extension, and bowel involvement of the lesion, embolization was not considered. At laparotomy, a vascular tumour in the distal ileum was found, with no involvement of the ascending colon. The distal and terminal ileum was resected (45 cm), and an end-to-end anastomosis was performed. Pathology confirmed the tumour as an infantile hemangioma (Glut-1 positive) of the terminal ileum. The patient recovered satisfactorily after the surgery.
Discussion
Acute GI and intra-abdominal bleeding from different etiologies is a medical emergency at any age, and it can have catastrophic consequences. The diagnostic algorithm and management should be tailored according to the clinical picture, severity, etiology, and site of the bleeding. As seen in the cases presented, bleeding in children can have a variety of etiologies. The role of the diagnostic and interventional radiologist is to be aware of these and discuss with the clinical team the most appropriate diagnostic workup and therapeutic options.
PSA are a known complication of trauma, surgery, and arterial punctures [9] .They represent a disruption of the arterial wall with arterial flow into the adjacent soft tissues with an open communication with the arterial lumen. PSA rupture can be lethal [10] . The treatment of PSAs has moved from surgery to less-invasive therapies, such as US-guided compression and US-guided percutaneous thrombin injection. Infrequently, endovascular embolization or stenting may be needed [9, 10] . Hepatic tumours are rare in children and account for approximately 5%-6% of intraabdominal masses [11] .
Hepatoblastoma is the most common tumour in this age group, which represents 79% of all the liver tumours in children [11] . It can present with nonspecific symptoms. Tumour rupture is a well-recognized presentation of hepatoblastoma and hepatocellular carcinoma, and can be life threatening. Paracentesis in not recommended for the diagnosis because of concern of tumour seeding. Embolization may be required in cases of continuous hemorrhage [4] .
PTLD represents a spectrum of lymphoid proliferation that ranges from polyclonal hyperplasia to monoclonal malignant lymphoma [12] . The abdominal cavity is the site most frequently involved in PTLD, which accounts for 50%-75% of cases. There is small bowel involvement in 15%-30% of these cases, and the areas most frequently affected are the distal jejunum and ileum [13] . GI tract involvement in children may result in bleeding, anemia, intussusception, protein-losing enteropathy, and weight loss. Intestinal perforation can occur in PTLD [12] .
GI hemangiomas are very uncommon, with the small intestine being the most common site (7%-10% of benign tumours in the small intestine) [14] . They can be associated with cutaneous hemangiomas [15] . Most of them present with acute or chronic GI bleeds. Obstruction, intussusceptions, and perforation are other presentations [14] . The treatment options for symptomatic lesions include pharmacologic agents (steroids, vincristine, b-blockers) and laparotomy with resection [16] .
The described cases demonstrate 4 different pathologic conditions that can generate life-threatening bleeds in children. Recently, different investigators tried to establish the most appropriate method in different scenarios. It has been suggested that CTA can detect active hemorrhage rates as low as 0.3 mL/min, conventional angiography as low as 0.5 mL/min, and scintigraphy as low as 0.1 mL/min in GI bleeding [17] . Even though scintigraphy is the mostsensitive technique, it is time consuming and not appropriate for the acute setting. There are no data on the use of magnetic resonance angiography in the assessment of acute intra-abdominal bleeding. As such, due to its lower spatial resolution than CTA, artifacts from bowel contents and long scanning times, it is not a suitable technique for evaluation of acute bleeding at present. Conventional angiography still remains the criterion standard and has the added advantage of providing therapeutic options. However, recently, CTA has emerged as a valuable option for quick evaluation of acute intra-abdominal bleeding, helping in decision making. CTA has shown to be a valuable tool for the interventional radiologist because it allows planning of the endovascular treatment before the angiography [18] , as seen in 2 of our cases. It may decrease the procedural time, with a reduction of the radiation dose, which is important in pediatric patients. We believe that CTA should be considered even in patients who required active hemodynamic support just before angiography because it can contribute to the success for the subsequent endovascular intervention. In the cases of bleeds of unknown etiology, CTA can help decide the appropriate treatment as seen in 2 of our cases that required surgery. Multiplanar reformatting and maximum intensity projections should be used to detect focal areas of extravasation of contrast and small PSAs. If the CTA does not show an active site of bleeding in a patient with recent hemorrhage, then conventional angiography should always be considered.
Conclusion
In our recent experience, CTA was a valuable tool in children with acute GI and intra-abdominal hemorrhage. It helped to clarify the etiology, decide on appropriate treatment options, and aided planning of endovascular interventions. Conventional angiography should be considered as the initial diagnostic and/or therapeutic approach in patients who are hemodynamically unstable.
